We compute the quark-antiquark potential in three dimensional massive Quantum Electrodynamics. The result indicates that screening prevails for large quark masses, contrary to the classical expectations. The classical result is reproduced for small separation of the quarks.
A proper study of the problem of screening and confinement is of considerable importance in our understanding of gauge theories. To avoid the complexities of four dimensions these studies are usually confined to lower dimensions. In this framework, a deep physical interpretation has been achieved. Indeed, in two-dimensional QED [1] , one obtains screening in the massless case, but confinement in the massive quark case, realizing the expected picture. For QCD in two dimensions [2, 3, 4] however, one obtains a screeening potential, independently of the quark mass, a striking difference from the expectation of a confining potential, at least for large enough values of the fermion mass.
It is thus important and instructive to verify how far such issues are just low dimensional unphysical features, or part of the theoretical structure of gauge theories. A first step in this direction is therefore to provide a concrete computation of the quark-antiquark potential in three dimensions. This is our basic motivation. The result for the quark-antiquark potential shows that contrary to the classical expectation, there is screening for large quark mass. However the classical result is reproduced for a small separation of the quarks.
To perform the computations we shall take recourse to bosonisation. This is a well known technique in two-dimensional space-time [5] , leading to effective actions which contain quantum effects already at the classical level, and realizes an idea of duality in terms of a direct relation between different fields. It is well illustrated in getting the Schwinger terms in the current algebra in fermionic field theories, and in order to study the problem of screening and confinement in QED 2 [1] as well as in QCD 2 [2] . Recently, three dimensional bosonisation for massive QED has been developed [6] . In particular a formulation of the fermionic determinant in a power series of the inverse of the quark mass has been used in order to arrive at a local action for the bosonised Lagrangean, represented by the Maxwell-Chern-Simons theory [7] . This is our starting point in the present work.
The partition function of three dimensional massive QED in the covariant gauge, in the presence of an external source J µ , is given by
where F µν is the field tensor,
The bosonised version of the above defined action in the large mass limit is given by the expression [6] 
where terms up to order 1/m have been retained in the computation of the effective action. This result is just the partition function of the Maxwell-Chern-Simons theory in the covariant gauge.
We now compute the potential as being the difference between the Hamiltonian with and without a pair of static external charges separated by a distance L, so that
where we have integrated over the two space components in order to find the potential, and considered the source as corresponding to two fixed charges of magnitude q located at the points defined by the respective delta functions. Note that L q (L 0 ) denote the Lagrangeans in the presence (absence) of the charges.
We now consider the equations of motion associated with the Lagrangean defined in 2. The field equation in the covariant gauge reads
Defining the curl of A µ as
the equation of motion can be expressed as
{1− e 2 6πm } . In the absence of sources it reproduces the familiar massive mode of Maxwell-Chern-Simons theory [7] . From (3) it is seen that an expression for A 0 is required to calculate the potential. This is given in terms of the curl (5) by
The time independent solution for A 2 corresponding to the sources describing static quarks can be obtained from (6) . Using this result with (7) finally yields
where ∆(x; m A ) is the Euclidean Feynman propagator in two dimensions, since we are dealing with the time independent Greens function in (6) . It is given by the modified Bessel function,
The above solution (8) is defined up to an x 2 dependent constant, which will be overlooked in what follows, since it will not affect our results. The potential is now found from (3) and 8, reading
At this point we disregard the constant term, as discussed before, arriving at the main result of this work,
The behaviour of this potential energy should be compared with the classical expectation, that is
where we arbitrarily choose the massive parameter. The classical result in the ultraviolet regime corresponds to a renormalisation of the strength, but in the infrared, a logarithmic growth is expected, which would signalize confinement of the external quarks. However, as in the case of two-dimensional QCD the quantum result (11) indicates screening, due to the Chern-Simons term in the action, which induces a mass for the gauge field. Interestingly, in the limit L → 0 (i.e. when the quarks are close), the leading term in the expression (11) for heavy quarks reduces to the classical result (12). In the two-dimensional case, this is also true, e.g. the classical potential for short separations is given by the expression
which corresponds to the short separation limit (for heavy quarks) of the full quantum result [1, 2] .
In the three dimensional case, we drew the diagrams corresponding to the classical and to the quantum results superposed in figure [1] for comparison.
We see therefore that the conclusions obtained in two-dimensional space-time are valid in the three dimensional case, strengthening them, and providing further reality to the results. The utility of the bosonisation methods in the present context has been clearly illuminated. These methods prove to be of greater effectiveness in obtaining physical results, especially due to the fact that the bosonised version contains quantum corrections at the classical level. 
